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Abstract
Background: Previous studies showed that cognitive ability is related to health and mortality. The cause of this 
relationship remains largely unknown. One plausible explanation is that cognitive ability is related to behaviours that 
affect health. This study investigates whether cognitive ability is related to healthy dietary habits, physical activity and 
appropriate bodyweight in adolescents and examines whether self-control mediates the relationship between 
cognitive ability and health behaviour.
Methods: In total 201 high-school students aged between 15 and 20 participated in the study. They completed three 
cognitive tests, measuring cognitive ability, reaction time and memory span, and completed a questionnaire on self-
control, dietary habits, physical activity and bodyweight.
Results: Results show that adolescents scoring high on the cognitive ability test have healthier dietary habits and 
engage more often in physical activity. Adolescents with high self-control have a healthier eating pattern, are more 
often physically active and have lower BMI's. Both reaction time and memory span were not related to dietary habits 
and physical activity. Self-control was not related to cognitive ability and could not, therefore, mediate the relationship 
between cognitive ability and health in this study.
Conclusion: In conclusion, the link between cognitive ability and health behaviour could explain - in part - the 
relationship between cognitive ability and health. Self-control cannot explain this link.
Background
Recent studies [1-3] found that there is a positive relation-
ship between cognitive ability and health. Some studies
focussed on reaction time and memory span as more basic
capacities linked to health [4-7]. Until now, few studies
have focused explicitly on explaining this relationship
[1,2]. A number of possible explanations have been pro-
posed.
Lower cognitive ability predicts poorer health outcomes
in general [1-3] as well as multiple causes of mortality [1,8-
15]. The Scottish Mental Surveys of 1932 and 1947 illus-
trate this relationship. These studies measured cognitive
ability for almost everyone born in 1921 (N = 89,498) and
1936 (N = 70,805). It was found that, after adjusting for
social class and deprivation, higher childhood cognitive
ability at age 11 was related to less all-cause and cardiovas-
cular mortality, and to increased smoking cessation by
midlife. Subjects with a disadvantage of 1 standard devia-
tion (15 points) in IQ-score relative to others were only
79% as likely to live up to age 76 [14].
Most studies looked at general cognitive ability in rela-
tion to health. In contrast, other studies examined the rela-
tionship between reaction time, working memory and
health. Reaction time and memory span are considered to
be aspects of cognitive ability or determinants of it [4,5,16-
22]. Longer reaction times are related to higher mortality
risk [6] and to a lower amount of physical exercise [23].
Accordingly, Deary & Der [5] proposed that reaction time
instead of general cognitive ability might be the most
important predictor of health and mortality. They argued
that reaction time is an aspect of general cognitive ability
and the mechanism that accounts for the link between men-
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tal ability and mortality. Memory span has also been found
to be related to mortality among young adults [6].
The reasons for the association between cognitive ability
and health are still unclear. Several explanations have been
offered. A possible explanation is that cognitive ability pro-
motes healthy behaviour [14,15,24]. Individuals with
higher cognitive ability have more mental resources that
may help to prevent illness and accidents. Cognitive ability
is manifested in thinking skills, such as learning, reasoning
and problem solving [16,25,26]. These abilities are impor-
tant in complex situations. Health self-care is a changing
and complex task in which one has to protect oneself from
accidents and diseases. In health self-care, thinking skills
might therefore play an important role [14,15,24]. Conse-
quently, intelligent persons may develop healthier behav-
iour, e.g. smoke less, be moderate with alcohol use and
have healthy dietary habits, all behaviours contributing to
all-mortality risk [27-29]. In support of this, one study
reported that cognitive ability was related to less smoking
and a higher likelihood of giving up smoking. Also, intelli-
gent people less often have overweight and obesity prob-
lems [30]. In line with these findings, the present study will
investigate the relationship between cognitive ability, reac-
tion time and memory span on the one hand and health
related behaviour and body weight on the other hand.
A different body of research in the field of health related
behaviour has investigated the importance of self-control.
Self-control is conceived as an essential and basic mental
resource: through self-control persons are able to inhibit or
change their inner responses and refrain from acting out
undesirable behaviours [31,32]. It refers to the ability to
refrain from impulsive actions that are detrimental on the
long term, and as such, it is a fundamental and major deter-
minant of behaviour in general [31,33] and more specifi-
cally for deviant behaviour in childhood [34-36],
adolescence and adulthood [37,38] and health behaviour at
all ages [39-41]. It has been argued that self-control may be
constitutional [42], the result of adequate parenting [38], or
a combination of both [33]. Persons with high self-control
show less dysfunctional, impulsive behaviours than persons
with low self-control [38,40,43].
Baumeister and colleagues have proposed self-control as
a major personality characteristic that explains a broad
range of health related behaviours [39-41,44,45]. They
showed that adolescents with high self-control have a
healthier lifestyle than those with low self-control. Further-
more, high scores on self-control correlated with better
school performance, measured as higher grade point aver-
age [40].
On the basis of the findings described above, it is
expected that there is a relationship between self-control
and health related behaviour.
Therefore, we hypothesize that self-control might explain
the relationship between health related behaviour and cog-
nitive ability: cognitive ability might promote the acquisi-
tion of self-control and self-control leads to healthy
behaviour. Because cognitive ability is manifested in think-
ing skills, such as learning, reasoning and problem solving
[16,25,26], it can be argued that cognitive ability also con-
tributes to the acquisition of self-control. A recent meta-
analysis found a modest relationship of -0.23 between
Delay Discounting and cognitive ability [46]. Delay dis-
counting measures the inability to resist the temptation of a
smaller immediate reward instead of receiving a larger
reward at a later date. The other way around is also plausi-
ble: it is possible that self-control helps to achieve good
results on cognitive tests. One recent study - the first to
investigate this relationship - found support for this thesis
and reported that various personality measures, mostly but
not always related to aspects of self-control (consciousness,
performance motivation, fear of failure, openness) are
related to cognitive performance [47].
The present study investigates three issues. First, it inves-
tigates if there is a relationship between cognitive ability,
reaction time and memory span and health related behav-
iour. Second, it investigates whether self-control is related
to health related behaviour and, third, whether self-control
mediates the relationship between cognitive ability, reaction
time and memory span on the one hand and health related
behaviour and body weight on the other hand. Health
related behaviours are operationalised as unhealthy dietary
habits, and physical activity. The study is based on a sample
of adolescents.
Method
Subjects
The sample consisted of 201 adolescents (105 women)
between 15 and 20 years old, all of whom lived at home.
Adolescence is an important period for the development of
dietary habits.
The sample was a convenience sample, but attention was
paid to maximize variance in terms of cognitive ability (IQ)
by selecting subjects belonging to four different levels of
education. Students from eight different schools partici-
pated. The schools were located in different cities in the
south and the centre of the Netherlands (Eindhoven, Sleeu-
wijk, Culemborg, Arnhem, Utrecht, Huizen, Oosterhout).
Around one third of the subjects was attending schools for
vocational training VMBO-T, (pre-vocational secondary
education; four years) or MBO (vocational secondary edu-
cation; three years), one third HAVO high school (senior
general secondary education: five years) and one third was
attending a VWO high school (pre-university education: six
years). To obtain correct representation of age and sex
groups, researchers attempted to get equal numbers of each
age-group and sex.
The researchers made contact with schools, via a person
that was known to them. Via the headmaster or manage-Junger and van Kampen International Journal of Behavioral Nutrition and
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ment of the high schools, teachers of the classes in the right
age range were contacted and the teachers asked students to
participate. Leaflets were distributed to explain the general
aim of the study and what was expected from the students.
Depending on the number of classes with students in the
age of 15-20, sometimes one entire class participated and
sometimes 5 to 6 students per class were requested to par-
ticipate, in larger schools, they were asked to register (see
procedure). Given this procedure, no non-response rate
could be computed, but practically all students who were
explicitly asked by the teachers actually participated in the
study. Data collection was done during school time.
Measures
Information on dietary habits, body weight, self-control and
the control variables was obtained through a questionnaire
which respondents filled in on a personal computer.
To collect information about dietary habits, questions
were used that came from the questionnaire used in the
Dutch Health Behaviour in School-aged Children (HBSC)-
study on adolescent health, well-being and health-behav-
iour [48], which was part of a cross-national health study in
collaboration with the World Health Organization [49].
- Frequency of having breakfast was measured with two
questions that focused on week-days and week-ends: 'How
often do you usually have breakfast, more than a glass of
milk or juice, during the week?' (5-point format, ranging
from 0 = never to 5 = 5 days) and 'How often do you usu-
ally have breakfast, more than a glass of milk or juice, dur-
ing the weekend?' (0 = never, 1 = 1 day, 2 = 2 days). The
reason for measuring week-days and week-ends separately
was the assumption that these two questions represent
somewhat different constructs. Parents might have more
influence on breakfast consumption during the week-end
than during the week. In support, the correlation coefficient
was not high enough (r = 0.40, p < .001) to form a scale.
- Subjects were asked - in two separate questions - to rate
the frequency of their consumption of fruits and of vegeta-
bles on a 7-point scale (never, less than once a week, once a
week, 2-4 days a week, 5-6 days a week, once a day, more
than once a day). Again, the correlation coefficient was not
high enough (r = 0.33, p < .001) to form a scale.
- Unhealthy food was measured by asking about intake of
sweets (candy or chocolate), soft drinks, snacks (e.g. fries,
hamburger) and crisps on a 7-point scale (never, less than
once a week, once a week, 2-4 days a week, 5-6 days a
week, once a day, more than once a day). These four items
formed a scale "unhealthy food" (Cronbach's α = 0.65).
Scores on the unhealthy dietary habits were recoded, so
that for cognitive ability and memory span a positive corre-
lation with dietary habits means that subjects with a higher
score have healthier dietary habits.
- Subjects were also asked how much money on average
they spend daily on snacks, namely on candy, snacks or soft
drinks (answers in Euro's).
- Physical activity was assessed using the 60 min Moder-
ate-to-Vigorous Physical Activity (MVPA) measure [50].
The MVPA was found to be a valid and reliable measure of
physical activity. It consists of two questions: 'Over the past
7 days, how many days were you physically active for a
total of at least 60 min per day?' and 'Over a typical or usual
week, how many days were you physically active for a total
of at least 60 min per day?' The average number of days of
the past and a typical week was an index for engaging in
physical activity.
- Bodyweight was measured with questions about sub-
ject's weight and height and converted into the Body Mass
Index (BMI, kg.m-2).
- Cognitive ability was measured with the Raven Standard
Progressive Matrices (RSPM; [51,52]. The RSPM mea-
sures general cognitive ability, the ability to solve problems
and understand the relationship of various concepts [53].
The test demands analytic reasoning on abstract visuospa-
tial material [54]. The RSPM consisted of 60 problems in
which subjects had to find the correct item that was missing
in the pattern out of 6 or 8 possible items. During the test
problems became more difficult and abstract. A computer-
ized version of the RSPM was used. The computerized ver-
sion is found to be equivalent to the standard version [55].
First, subjects received 5 problems to practice after which
all 60 problems were administered. The answering time
was not limited. For every correct item one point was given
with a maximum score of 60. The scores were not standard-
ized for norms of age group, because age was controlled for
in the analysis. The RSPM is a valid and reliable measure
for cognitive ability [51,54].
- The Simple Reaction Times test measured the time
between a circle turning green and subject's response by
pushing the space button. The circle appeared each time at a
different place on the screen and the time before it turned
green was variable, between 500 and 2000 milliseconds.
First, subjects had 10 trials to practice. Then two blocks,
each consisting of 24 trials, were administered. For every
trial, reaction time was measured and the mean and median
reaction time was calculated for every block. A lower score
means better cognitive functioning.
- The Corsi block-tapping task [56] measured memory
span. Nine green squares appeared on the screen in asym-
metrical order. At each trial a few squares turned blue in a
certain sequence. In the first part of the test, subjects were
asked to recall the sequence. In the second part, subjects
had to recall the sequence in the contrary order. The
answering time was not limited. In both parts, the number
of squares was increased by one square after every two
sequences. Two trials of each sequence length were pre-
sented. The shortest sequences included two squares andJunger and van Kampen International Journal of Behavioral Nutrition and
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the longest ones nine squares. The task was ended if both
trials of each sequence length were incorrect. To calculate
the score, the block span was multiplied by the number of
correct trials. The maximum score was 162. A higher score
means better memory span.
- Self-control was measured with the Dutch version of the
Self-Control Scale [40,57] (Cronbach's α = 0.89). It consists
of 36 questions about self-control (e.g. "I am good at resist-
ing temptation"). Subjects rated their self-control on a 5-
point scale (anchors 1 = not at all like me, 5 = very much
like me). Because the relation between self-control and
health was examined, three items in the Self-Control Scale
items that pertained to health ("I engage in healthy prac-
tices", "I eat healthy foods", "I sometimes drink or use
drugs to excess") were removed from the scale. Negatively
formulated items were reverse-scored. A higher score
means a greater ability to control oneself.
Control variables were sex, age, occupation of the pri-
mary wage earner and family income. Sex was coded 0 for
females and 1 for males. Occupation of the primary wage
earner was measured with a 6-point format (derived from
Vazsonyi, Pickering, Junger & Hessing, 2001). Six catego-
ries of professions were specified. Each category contained
descriptions of sample jobs that would fit in that category.
Participants had to indicate the number of the category that
contained the most accurate description of the profession of
the primary wage earner. The categories were: 1 = labourer
or service worker, 2 = semi-skilled worker, 3 = clerical
staff, 4 = semi-professional, skilled labourer, 5 = owner of a
small business, professional, 6 = owner of a large business,
executive. Family income was measured through three
items: yearly income of participant's parents (3-point for-
mat, 1 = less than average, 2 = average, 3 = more than aver-
age), the kind of house the subject lived in (caravan,
apartment or detached house) and if subject's parents rent or
own the house. This method to measure income was cho-
sen, because it was assumed that the adolescents do not
have insight in the exact income of their parents.
Procedure
In total 10 researchers were responsible for administering
the tests. All tests and questionnaires were completed on a
computer. In the Mental Information processing and Neu-
ropsychological Diagnostic System (MINDS) [58] a test
battery was made in which the tests automatically appeared
in the following order: reaction times test, Raven's Standard
Progressive Matrices, Corsi block-tapping task, Self-Con-
trol Scale and the health survey as last. Subjects could sign
up or were personally asked by the experimenters or high
school teachers to participate in the study. Subjects were
tested in small groups ranging from 2 to 6 pupils. They
were tested in a separate room or quiet part of the library in
their school were they could work on the tests quietly with-
out being interrupted or distracted and in the presence of at
least one of the researchers.
Afterwards participants received something to eat and
drink for participating in the study, which they didn't know
prior to the test. They received a chocolate bar or a small
bag of potato chips and a soft drink. Total duration of the
administration was between 30 and 50 minutes for all sub-
jects, with one exception which was of 20 minutes.
Data analysis
First, Pearson's correlations were computed to examine
whether cognitive ability is correlated with healthy diet,
physical activity and bodyweight. Second, for each out-
come, stepwise regression analysis were computed. In a
first step the control variables were entered, in a second
step cognitive ability was added and in the final step self-
control was added. In a preliminary analysis, the distribu-
tion of the predictor and outcome variables was examined
for deviations from normality. The variables own/rent the
house, reaction time, breakfast during the week, breakfast
during the weekend and money spend on unhealthy foods
deviated, and therefore logistic transformations were com-
puted for these five variables. Stepwise regression analysis
computed with these transformed variables provided the
same results at the analysis with the untransformed vari-
ables. Therefore only the results from the regression analy-
sis with the untransformed variables are presented below.
Results
Table 1 describes the statistics of all the variables in the
study (means, standard deviations, minima and maxima).
Correlational analysis (table not shown) shows that
higher scores on cognitive ability (RSPM) were related to
faster reaction times (r = -.31; p < .01) and longer memory
span (r varying between r = .17 (p < .05) and r = .27 (p <
.01)). However, reaction times and memory span were
hardly related to each other, with one exception: subjects
who were fast on the reaction time test had a higher score
on the backward memory span (r = -.18; p < .05).
Only cognitive ability and self-control were used as inde-
pendent variables, in addition to the control variables, in the
hierarchal regression analysis. Almost none of the correla-
tions between reaction time and memory span and dietary
habits, physical activity and BMI were statistically signifi-
cant. There was one exception: drinking soft drinks was
related positively to memory span forward but negatively to
memory span backward (|r| varying between .15 and .17 (p
< .05). Additional analysis also showed that memory span
and reaction time were not related to the dependent vari-
ables in any of the multiple regression analysis. More
details can be obtained from the first author.
The results of the hierarchal regression analysis are pre-
sented below (table 2, table 3 and table 4).Junger and van Kampen International Journal of Behavioral Nutrition and
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Dietary habits
Cognitive ability scores were positively related to having
breakfast during the weekend (β = .15) and vegetable intake
(β = .19), and negatively related to unhealthy food intake (β
= -.16) and money spend on unhealthy foods and drinks (β
= -.17). Self-control was positively correlated with having
breakfast during the week (β = .24) and weekend (β = .18),
and negatively correlated with money spend on unhealthy
foods and drinks (β = -.20). It was marginally positively
related to consumption of fruit (β = .13; p = .08).
Physical activity
Both cognitive ability (β = .14) and self-control (β = .21)
were related positively with physical activity.
Bodyweight
No significant correlations were found between BMI-scores
and cognitive ability (table 1). Follow-up analysis checked
for a non-linear relationship. To this end, RSPM-scores
were divided into 5 groups according to deviation from the
mean: scores between mean and mean + one standard devi-
ation (SD), scores between mean + one SD and mean + two
SD, scores between mean and mean - one SD, scores
between mean - one SD and mean - two SD and scores
lower than mean - two SD. The BMI-scores of these five
groups were compared using between group one-way Anal-
ysis of Variance (ANOVA). No significant differences were
found between the groups (F(4,195) < 1.0). A similar addi-
tional analysis was performed to investigate whether there
Table 1: Descriptive statistics: control variables, predictor variables and eating pattern, physical activity and BMI.
MS D M i n i m u m M a x i m u m
1. Age 16.78 .98 15 20
2. Sex .48 .50 0 1
3. Own house 1.89 .32 1 2
4. Family income 2.65 .60 1 3
5. Kind of house 2.31 .96 1 4
6. Occupation primary 
wage earner
4.68 1.10 1 6
7. Cognitive ability 46.37 7.01 20 60
8. Reaction time 275.89 43.51 214 659
9. Memory Span 
Forward
5.55 1.82 1 9
10. Memory Score 
Forward
49.33 26.58 2 126
11. Memory Span 
Backward
4.94 1.72 1 8
12. Memory Score 
Backward
37.29 21.19 1 88
13. Self-control 105.25 15.52 61 139
14. Breakfast week 5.39 1.36 1 6
15. Breakfast weekend 2.76 .53 1 3
16. Fruit 4.41 1.52 1 7
17. Vegetables 5.12 .93 2 7
18. Candy 3.38 1.40 1 7
19. Soft drinks 3.32 1.80 1 7
20. Crisps 4.49 1.19 1 7
21. Snacks 5.17 .90 1 7
22. Money 2.05 2.49 0 15
23. Physical activity 3.94 2.03 0 7
24. BMI 21.12 2.42 16.60 30.67Junger and van Kampen International Journal of Behavioral Nutrition and
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Table 2: Hierarchal regression for control-variables, self-control and psychometric cognitive ability predicting different 
health behaviours
Breakfast week Breakfast weekend Fruit
V a r i a b l e s B S E  B β B S E  Bβ B S E  Bβ
Step 1: Control variables added
Age -.09 .10 -.06 -.07 .04 -.14 -.15 .11 -.10
Sex .05 .20 .02 -.16 .08 -.15* -.64 .22 -.21**
Own or rent 
the house
.22 .34 .05 .14 .13 .09 .02 .37 .00
Family income .33 .19 .15 .05 .07 .06 .27 .21 .11
Kind of house -.09 .11 -.06 -.08 .04 -.15* -.08 .12 -.05
Occupation 
primary wage 
earner
-.07 .10 -.06 .03 .04 .07 .12 .11 .08
Step 2: Cognitive ability added
Age -.09 .10 -.06 -.07 .04 -.13 -.15 .11 -.10
Sex .05 .20 .02 -.15 .08 -.15* -.63 .22 -.21**
Own or rent 
house
.22 .35 .05 .11 .13 .07 .00 .37 .00
Family income .33 .19 .15 .04 .07 .05 .26 .21 .10
Kind of house -.09 .11 -.06 -.08 .04 -.15a -.08 .12 -.05
Occupation 
primary wage 
earner
-.07 .11 -.06 .03 .04 .06 .11 .11 .08
Cognitive 
ability
.00 .01 .00 .01 .01 .16* .01 .02 .03
Step 3: Self-control added
Age -.08 .10 -.06 -.07 .04 -.13 -.15 .11 -.10
Sex .05 .20 .02 -.15 .07 -.14* -.63 .22 -.21**
Own or rent 
the house
.32 .34 .07 .14 .13 .08 .05 .37 .01
Family income .30 .19 .13 .03 .07 .04 .25 .21 .10
Kind of house -.05 .11 -.04 -.07 .04 -.13 -.06 .12 -.04
Occupation 
primary wage 
earner
-.08 .10 -.06 .03 .04 .06 .11 .11 .08
Cognitive 
ability
.00 .01 -.01 .01 .01 .15* .01 .02 .02
Self-control .02 .01 .24** .01 .00 .18** .01 .01 .13
For breakfast week, R2 = .03 (ns) for step 1;  R2 = .00 (ns) for step 2;  R2 = .06 (p < .001) for step 3. For breakfast weekend, R2 = .07 (p < .05) for 
step 1;  R2 = .02 (p < .05) for step 2;  R2 = .03 (p < .01) for step 3. For fruit, R2 = .07 (p < .05) for step 1;  R2 = .001 (ns) for step 2;  R2 = .02 (ns) 
for step 3.Junger and van Kampen International Journal of Behavioral Nutrition and
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Table 3: Hierarchal regression for control-variables, self-control and psychometric cognitive ability predicting different 
health behaviours.
Vegetables Unhealthy foods Money
Variables B SB β B SE B β B EB β
Step 1: Control variables added
Age -.04 .07 -.05 -.19 .07 -.19** .24 .17 .10
Sex -.29 .14 -.15* .46 .13 .24** 1.32 .35 .26**
Own or rent 
the house
-.02 .23 -.01 .45 .22 .15* -.37 .59 -.05
Family income -.11 .13 -.07 .09 .13 .05 .31 .33 .07
Kind of house .01 .07 .01 .06 .07 .06 .39 .19 .15*
Occupation 
primary wage 
earner
.17 .07 .20** -.12 .07 -.13 -.07 .18 -.03
Step 2: Cognitive ability added
Age -.04 .07 -.04 -.19 .07 -.20** .23 .17 .09
Sex -.27 .13 -.15* .44 .13 .23** 1.28 .34 .26**
Own or rent 
house
-.09 .23 -.03 .51 .22 .17* -.19 .59 -.02
Family income -.13 .13 -.08 .10 .12 .07 .36 .33 .09
Kind of house .02 .07 .02 .06 .07 .06 .37 .19 .14*
Occupation 
primary wage 
earner
.16 .07 .19* -.11 .07 -.12 -.04 .18 -.02
Cognitive 
ability
.03 .01 .20** -.02 .01 -.17** -.06 .02 -.18**
Step 3: Self-control added
Age -.04 .07 -.04 -.19 .06 -.20** .23 .17 .09
Sex -.27 .13 -.14* .44 .13 .23** 1.27 .34 .26**
Own or rent 
the house
-.06 .23 -.02 .48 .22 .16* -.33 .58 -.04
Family income -.14 .13 -.09 .11 .12 .07 .40 .32 .10
Kind of house .03 .07 .03 .04 .07 .05 .31 .19 .12
Occupation 
primary wage 
earner
.16 .07 .19* -.10 .07 -.12 -.04 .18 -.02
Cognitive 
ability
.03 .01 .19* -.02 .01 -.16* -.06 .02 -.17**
Self-control .01 .00 .11 -.01 .00 -.11 -.03 .01 -.20**
For vegetables,R2 = .05 (ns) for step 1;  R2 = .04 (p< .01) for step 2;  R2 = .01 (ns) for step 3. For unhealthy foods, R2 = .13 (p < .001) for step 1; 
R2 = .03(p< .01) for step 2;  R2 = .01 (ns) for step 3. For money, R2 = .12 (p < .001) for step 1;  R2 = .03 (p < .01) for step 2;  R2 = .04 (p < .01) for 
step 3.Junger and van Kampen International Journal of Behavioral Nutrition and
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was a non-linear relationship between self-control and BMI
and, again, this was not the case. The regression analysis
showed that the control variables and cognitive ability were
not related to BMI. Self-control on the other hand was neg-
atively related (β = -.17) to BMI, so adolescents with more
self-control had lower BMI's.
Self-control as a mediator
Self-control did not correlate with cognitive ability, reaction
time or memory span. In the bivariate analysis, Pearson cor-
relations were |.12| or lower (non significant). A multivari-
ate step-wise analysis was also performed: in a first step the
socio-economic variables (the same as in the analysis pre-
sented in table 2, table 3 and table 4) were entered, in a sec-
ond step, cognitive ability, memory span and reaction time
were entered. This second step was not significantly related
to self-control (F change = 2.1; df = 3; p = .10).
The results indicate that self-control could not mediate
the relationship between cognitive ability and health behav-
Table 4: Hierarchal regression for control-variables, self-control and psychometric cognitive ability predicting different 
health behaviours.
Physical activity BMI
V a r i a b l e s B S E  BβB S E  Bβ
Step 1: Control variables added
Age -.15 .14 -.07 .35 .17 .15*
Gender .69 .29 .17* .61 .35 .13
Own house .11 .50 .02 .00 .59 .00
Family income .15 .28 .05 .19 .33 .05
Kind of house .29 .16 .14 -.25 .19 -.10
Occupation primary wage 
earner
-.02 .15 -.01 .01 .18 .00
Step 2: Cognitive ability added
Age -.14 .14 -.07 .35 .17 .14*
Sex .72 .29 .18* .59 .35 .12
Own or rent house -.01 .49 .00 .09 .60 .01
Family income .12 .27 .04 .21 .33 .05
Kind of house .30 .16 .14 -.26 .19 -.10
Occupation primary wage 
earner
-.04 .15 -.02 .03 .18 .01
Cognitive ability .05 .02 .16* -.03 .02 -.09
Step 3: Self-control added
Age -.14 .14 -.07 .34 .17 .14*
Sex .73 .28 .18* .59 .35 .12
Own or rent the house .10 .49 .02 -.03 .59 .00
Family income .08 .27 .02 .25 .33 .06
Kind of house .34 .16 .16* -.30 .19 -.12
Occupation primary wage 
earner
-.05 .15 -.03 .03 .18 .01
Cognitive ability .04 .02 .14* -.03 .02 -.08
Self-control .03 .01 .20** -.03 .01 -.17*
For physical activity, R2 = .07 (p < .05) for step 1;  R2 = .02(p < .05) for step 2;  R2 = .04 (p < .05) for step 3.
For BMI, R2 = .05 (p > .05) for step 1;  R2 = .01 (ns) for step 2;  R2 = .03 (p< .05) for step 3.  * p < .05; ** p < .01.   a p = .06Junger and van Kampen International Journal of Behavioral Nutrition and
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iour in the present study and further mediation analysis was
unnecessary.
Discussion
Previous research has found that cognitive ability is related
to health and mortality, but not much is known about why
this relationship exists [15]. Various authors suggested that
cognitive ability is related to behaviours that affect health
[14,24,59]. This study was set up to examine this possibil-
ity. Three main issues were studied. First, it was investi-
gated whether there was a relationship between cognitive
ability, reaction time and memory span and health related
behaviour and body weight; second, it examined whether
self-control was related to health related behaviour and
body weight and, third, whether self-control mediated the
relationship between cognitive ability, reaction time and
memory span on the one hand and health related behaviour
and body weight on the other hand.
The study was based on a sample of 201 adolescents.
During adolescence, individuals become more independent
and more often decide themselves about their dietary hab-
its. The consolidation of health behaviours, such as food
intake and the amount of exercise, starts in childhood and
early adolescence and is relatively stable thereafter [60-62].
Despite the importance of healthy nutrition and exercise in
adolescence, research often shows that relatively large
groups of adolescents are involved in risky health related
behaviours [63].
The sample seems to be a good representation of Dutch
adolescents. The occupation of the primary wage earner is
similar to a sample of the general population of the same
age: the mean in the present sample is 4.7 (SD = 1.1), in the
sample of the general population, this was 4.6 (SD = 1.04)
[64]. The scores of the RSPM in the present sample were
comparable to what might be expected based on other sam-
ples (present sample: mean: 46.37 (SD: 7.01). In Ravens
norms the scores for fifteen year olds were 47 (SD not men-
tioned) (Raven, 2000). The interrelationships between the
three measures of cognitive ability were also comparable to
those found in previous studies [22]. These findings indi-
cate that the present sample is a good representation of a
general sample of Dutch adolescents, and very similar to
samples studied abroad.
As hypothesized, it was found that cognitive ability was
positively related to health related behaviours. Adolescents
with a high score on general cognitive ability had healthier
dietary habits, they more often had breakfast during the
weekend, ate more vegetables and less unhealthy foods, and
they engaged more often in physical activity. They also
spend less money on unhealthy foods and drinks (candy,
snacks and soft drinks). To the best of our knowledge, no
previous studies investigated these relationships.
These findings are in line with expectations formulated
by several researchers in the field who suggested that the
association between cognitive ability and health is mediated
by the impact of cognitive ability on health related behav-
iours which, in turn, affects health and mortality [1-3,7-
15,65].
In contrast, no relationships were found between reaction
time and health related behaviour or BMI. This stands in
contrast to previous, but scarce, research that reported a
relationship between reaction time and higher mortality risk
[6] and lower levels of physical exercise [23]. Similarly,
memory span was not related to health related behaviour.
Again, this contrasts with what was expected, as two previ-
ous studies found a relationship between working memory,
cognitive ability and mortality [6,66]. These findings do not
support Deary & Der [5]'s hypothesis that agues that reac-
tion time instead of general cognitive ability might be the
most important predictor of health and mortality. A possible
explanation is that reaction time and memory span are
related to health related behaviours that are different from
the specific health related behaviours investigated in this
study.
Self-control was also positively related to healthy eating
patterns (higher frequency of having breakfast during week
and weekend and lower intake of crisps and snacks) and
physical activity. Adolescents with high self-control also
spend less money on unhealthy foods and drinks and have
lower BMI's. These findings replicate what has been found
in previous research [39-41,44,57]. These findings also are
in line with studies reporting a relationship between consci-
entiousness and longevity as the concept of conscientious-
ness, meaning '..self-discipline, carefulness and
thoroughness' [67], is similar to that of self-control [68,69].
The analysis showed that the relationship between self-
control and health behaviour and the relationship between
cognitive ability and health behaviour are approximately of
equal strength with β 's varying for cognitive ability
between β = .14 and β = .19 and for self-control between β
= .17 and β = .24.
Although in this study cognitive ability and self-control
are both positively related to health behaviours, no relation-
ship was found between cognitive ability and self-control.
Therefore, self-control does not explain the relation
between cognitive ability and health related behaviour in
the present study. These findings suggest that self-control
and cognitive ability are both independent predictors of
health related behaviour.
Controlling for the variables age, gender and family
income made no difference for the significance of the
results. Interestingly, when controlled for family income,
the amount of money spend on unhealthy foods is still
related to cognitive ability and self-control. That is, less
intelligent adolescents and adolescents with less self-con-
trol spend more money on unhealthy foods and drinks inde-
pendent of family income.Junger and van Kampen International Journal of Behavioral Nutrition and
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A relation between cognitive ability and BMI was
expected, since former studies found that more intelligent
people are less likely to be overweight and have problems
with obesity [30,70]. No such relation was found in the
present study. Explanation for the lack of a relation may
relate to the age of the participants and the validity of BMI
development in adolescents.
There was no relationship between self-control and cog-
nitive ability. Previous findings describe a relationship
between self-control and school performance [40] and
therefore a relationship between self-control and cognitive
ability was hypothesized. A recent meta-analysis found a
mild relationship between self-control and cognitive ability:
r = -23 [46]. However, in this meta-analysis the age range
was very large, from mean age 4 to 45.18. Furthermore,
although the researchers controlled for age, this may have
influenced the findings, as age is strongly related to self-
control as well as cognitive ability scores [46]. Further, in
the meta-analysis, self-control was measured through tests
of delay aversion and not by a questionnaire as was the case
in the present study, and this may also explain the differ-
ence in the findings. Although self-reports are amenable to
biases, it is also possible that self-control as measured by
tests measures to some extent 'general performance on tests'
and, also, delay aversion. Subjects with relatively high cog-
nitive ability may perform better on delay aversion tasks
(show more delay), while not showing more behavioural
control in real life.
The present study did not control for school type of the
subjects as a possible confounder of cognitive ability. This
was based on the fact that educational achievement and
cognitive ability are strongly related to each other so that
they are, to some extent, measures of the same construct.
Several studies showed that 'ability and schooling are so
strongly dependent that it is not possible, over a wide range
of variation in schooling and ability, to independently vary
these two variables and estimate their separate impacts'
[[71], p. 1] and that 'ability and schooling effects appear to
be inseparable' [[71], p. 11].
This is especially true in the Netherlands. In the Nether-
lands, at the end of the primary school, all children are
tested, usually with the 'CITO-test'. The CITO-test is a
compulsory national test for cognitive achievement compa-
rable to the SAT, but age adjusted [72] [For an introduction
of the Dutch educational system for Americans: see http://
www.fulbright.nl/cache/30/
30dbd0481349e7a6188e372c5b049e51/
31dutchsecondaryeducation.pdf] The results of the CITO-
test are used by primary schools in order to advise parents
as to the type of secondary education most suited to their
child [73]. This means that the school type chosen by Dutch
children after primary education is heavily influenced by
their cognitive abilities as measured through the CITO-test.
This system has several consequences. In a Dutch study, a
relationship was found between educational achievement as
measured by the CITO-test and cognitive ability of .63 at
age 12. In the present study school type and cognitive abil-
ity are strongly correlated: r = .54 (p < .001). This means
that controlling for school type when analyzing the relation-
ship between cognitive ability and health related behaviour
is almost the same as controlling for cognitive ability.
In an additional analysis, the regression analysis (pre-
sented in table 2, table 3 and table 4) was repeated and, in a
fourth step, three dummy variables were added that coded
for school type [We added 3 dummies coding for VMBO,
MBO, HAVO, VWO was the reference category.]. It
appeared that in seven of the eight outcome measures, the
fourth step was not statistically significant. Only for 'break-
fast during weekends', the fourth step was statistically sig-
nificant (with p set on .05). In this case, the measure of
cognitive ability (RSPM) became non significant and
results show that subjects in the MBO school type have
breakfast less often during weekends. It is concluded that
even after controlling for school type, the findings of this
study do not change.
The present study was subjected to limitations. First, the
data on self-control and health behaviours was based on
self-reports. The use of self-reports may have affected the
results because of misinterpretation of the questions and
social desirability. Findings should be replicated using other
measures of self-control. Second, more intelligent partici-
pants might be better educated about healthy foods. There-
fore, the results of the questionnaire might not only be
representing actual health-related behaviours, but could be
influenced by knowledge about healthy eating. Third,
health behaviour as well as cognitive ability follows a
socioeconomic gradient [74]. Although this study con-
trolled for socioeconomic status, other factors such as par-
ents' dietary patterns have an influence on health behaviour.
Fourth, malnutrition during childhood can affect intellec-
tual development [75]. Fifth, we used a relatively small
sample. Last, because of the cross-sectional nature of the
design, no causal implications can be drawn.
Conclusions
This study is - to the best of our knowledge - the first to pro-
vide knowledge on the relationship between cognitive abil-
ity and health. On the basis of the present data it is
concluded that the relationship between cognitive ability
and health can at least be partly explained by the link
between cognitive ability and health related behaviour. In
this study, self-control does not explain the link between
cognitive ability and health related behaviour. Future stud-
ies need to replicate the present findings and investigate,
with different methodologies, if similar findings are found
for different health behaviours as well as for other methods
of measuring self-control.Junger and van Kampen International Journal of Behavioral Nutrition and
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Findings in this study are interesting for improving the
effectiveness of health-education campaigns. Considering
that less intelligent adolescents have an unhealthier diet and
engage less in physical activity than intelligent adolescents,
extra support and information about the importance of
healthy dietary habits and exercise could be given at lower
level high-schools and should be made available in under-
standable formats.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
MJ was responsible for the study, planned the study design, performed part of
the statistical analysis, worked on the interpretation of the data and revised the
manuscript. MvK participated in the design of the study and the data collec-
tion, performed some of the statistical analysis, helped with the interpretation
of the data-analysis and drafted the first version of the manuscript. Both
authors read and approved the final manuscript.
Acknowledgements
The authors thank the schools and the students who participated in the study 
and the students of Utrecht University who participated in the data collection: 
Sara Koppejan, Roos Huijbregts, Eva Janssen, Wietske Kroon, Heleen Noorder-
meer, Margo van de Goor, Manon van Burgel, Judith van Zanten, Melissa Wil-
lemsen. 
The authors thank Dr Hans H. L. Hendrickx for his patient advice and support.  
Part of this research was done while the author worked at Utrecht University, 
Faculty of Social Sciences.  
Author Details
1Institute for Social Safety Studies, School of Management & Governance, 
University of Twente, PO Box 217, 7500 AE Enschede, the Netherlands and 
2Eenheid Zorg, Slaak 45, 3061 CR Rotterdam, the Netherlands
References
1. Batty GD, Deary IJ, Gottfredson LS: Premorbid (early life) IQ and later 
mortality risk: systematic review.  Annals of epidemiology 2007, 
17(4):278-288.
2. Gottfredson LS: Intelligence: Is it the epidemiologists 'elusive 
"fundamental cause" of social class inequalities in health.  Journal of 
Personality and Social Psychology 2004, 86(1):174-199.
3. Whalley LJ, Deary IJ: Longitudinal cohort study of childhood IQ and 
survival up to age 76.  British Medical Bulletin 2001, 322(7 April):1-5.
4. Deary IJ, Der G, Ford G: Reaction times and intelligence differences: A 
population-based cohort study.  Intelligence 2001, 29(5):389.
5. Deary IJ, Der G: Reaction Time Explains IQ's Association With Death.  
Psychological Science 2005, 16(1):64-69.
6. Shipley BA, Der G, Taylor MD, Deary IJ: Cognition and all-cause mortality 
across the entire adult age range: health and lifestyle survey.  
Psychosomatic medicine 2006, 68(11):17-24.
7. Der G, Batty GD, Deary IJ: The association between IQ in adolescence 
and a range of health outcomes at 40 in the 1979 US National 
Longitudinal Study of Youth.  Intelligence 2009, 37(6):573-580.
8. Batty GD, Deary I, Schoon I, Gale CR: Mental ability across childhood in 
relation to risk factors for premature mortality in adult life: the 1970 
British Cohort Study.  Journal of Epidemiology & Community Health 2007, 
61(11):997-1003.
9. Hart CL, Taylor MD, Smith GD, Whalley LJ, Starr JM, Hole DJ, Wilson V, 
Deary IJ: Childhood IQ, Social Class, Deprivation, and their relationships 
with mortality and morbidity risk in later life: prospective 
observational study linking the Scottish Mental Survey 1932 and the 
Midspan Studies.  Psychosomatic Medicine 2003, 65(5):877-883.
10. Hart CL, Taylor MD, Smith GD, Whalley LJ, Starr JM, Hole DJ, Wilson V, 
Deary IJ: Childhood IQ and all cause mortality before and after age 65: 
Prospective observational study linking the Scottish Mental Survey 
1932 and the Midspan studies.  British Journal of Health Psychology 2005, 
10(11):153-165.
11. Hemmingsson T, Lundberg I: How far are socioeconomic differences in 
coronary heart disease hospitalization, all-cause mortality and 
cardiovascular mortality among adult Swedish males attributable to 
negative childhood circumstances and behaviour in adolescence?  
International Journal of Epidemiology 2005, 34(2):260-267.
12. Pearce MS, Deary IJ, Young AH, Parker L: Growth in early life and 
childhood IQ at age 11 years: the Newcastle Thousand Families Study.  
International Journal of Epidemiology 2005, 34(3):673-677.
13. Deary IJ: Intelligence, health and death.  The Psychologist 2005, 
18(10):610-613.
14. Deary IJ, Whalley LJ, Starr JM: IQ at age 11 and longevity: Results from a 
follow up of the Scottish Mental Survey 1932.  In Brain and longevity: 
Perspectives in longevity Edited by: Finch CE, Robine J-M, Christen Y. Berlin, 
Germany, Springer; 2003. 
15. Batty GD, Deary IJ: Early life intelligence and adult health.  British Medical 
Bulletin 2004, 329(11 September):585-586.
16. Gottfredson LS: The general intelligence factor.  Scientific American 1998, 
9:24-29.
17. Der G, Deary IJ: IQ, reaction time and the differentiation hypothesis.  
Intelligence 2003, 31(5):491.
18. Buckhalt JA: Reaction time and intelligence.  School Psychology 
International 1991, 12(4):355-360.
19. Eysenck HJ: Intelligence. A new look.  Edison, USA, Transaction 
Publishers; 2000. 
20. Fry AF, Hale S: Processing speed, working memory, and fluid 
intelligence: evidence for a developmental cascade.  Psychological 
Science 1996, 7(4):237.
21. Fry AF, Hale S: Relationships among processing speed, working 
memory, and fluid intelligence in children.  Biological Psychology 2000, 
54(1-3):1.
22. Luciano M, Wright MJ, Smith GA, Geffen GM, Geffen LB, Martin NG: 
Genetic covariance among measures of information processing speed, 
working memory, and IQ.  Behavior Genetics 2001, 31(6):581-592.
23. Hillman CH, Motl RW, Pontifex MB, Posthuma D, Stubbe JH, Boomsma DI, 
de Geus EJC: Physical activity and cognitive function in a cross-section 
of younger and older community-dwelling individuals.  Health 
psychology 2006, 25(6):678-687.
24. Gottfredson LS, Deary IJ: Intelligence predicts health and longevity, but 
Why?  Current Directions in Psychological Science 2004, 13(1):1-4.
25. Hernnstein RJ, Murray C: The Bell curve. Intelligence and class structure 
in American life.  New York: NY, US, Simon and Schuster; 1994. 
26. Neisser U, Boodoo G, Thomas J, Bouchard J, Boykin AW, Brody N, Ceci SJ, 
Halpern DF, Loehlin JC, Perloff R, Sternberg RJ, Urbina S: Intelligence: 
knowns and unknowns.  American Psychologist 1996, 51(2):77-101.
27. Mokdad AH, Marks JS, Stroup DF, Gerberding JL: Actual causes of death 
in the United States, 2000.  Journal of The American Medical Association 
2004, 291(10):1238-1245.
28. Meng L, Maskarinec G, Lee J, Kolonel LN: Lifestyle factors and chronic 
diseases: application of a composite risk index.  Preventive Medicine 
1999, 29(4):296-304.
29. Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH: Long-term morbidity 
and mortality of overweight adolescents. A follow-up of the Harvard 
Growth Study of 1922 to 1935.  New England Journal of Medecine 1992, 
327(19):1350-1355.
30. Batty GD, Deary IJ, Schoon I, Gale CR: Childhood mental ability in 
relation to cause-specific accidents in adulthood: the 1970 British 
Cohort Study.  QJM: An International Journal of Medicine 2007, 100(May 
25):405-414.
31. Logue AW: Self control: An alternative self-regulation framework 
applicable to human and nonhuman behavior.  Psychological Inquiry 
1996, 7(1):68-72.
32. Logue AW: Self-control - Waiting until tomorrow for what you want 
today.  Englewood Cliffs, NJ, Prentice Hall; 1995. 
33. Shonkoff JP, Phillips DA: From Neurons to Neighborhoods: The science 
of early childhood development.  National Academic Press, Institute of 
Medicine; 2000. 
34. Eisenberg N, Cumberland A, Spinrad TL, Fabes RA, Shephard SA, Reiser M, 
Murphy BC, Losoya SH, Guthrue IK: The relations of regulation and 
Received: 19 June 2009 Accepted: 23 March 2010 
Published: 23 March 2010
This article is available from: http://www.ijbnpa.org/content/7/1/22 © 2010 Junger and van Kampen; licensee BioMed Central Ltd.  This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:22Junger and van Kampen International Journal of Behavioral Nutrition and
Physical Activity 2010, 7:22
Page 12 of 12
emotionality to children's externalizing and internalizing problem 
behavior.  Child Development 2001, 72(4):1012-1135.
35. Kopp CB: Antecedents of self-regulation: A developmental perspective.  
Developmental Psychology 1982, 18(2):199-214.
36. Mischel W: Delay of gratification as process and person variable in 
development.  In Human development: an interactional perspective Edited 
by: Magnusson D, Allen VL. New York, Academic Press; 1983:149-185. 
37. Pulkkinen L: Self-control and continuity from childhood to late 
adolescence.  In Life-Span Development and Behaviour Volume 4. Hillsdale, 
New Jersey Hove, UK: Lawrence Erlbaum Associates; 1982:64-105. 
38. Gottfredson MR, Hirschi T: A general theory of crime.  Stanford, CA, 
Stanford University Press; 1990. 
39. Baumeister RF, Heatherton TF, Tice DM: Losing control: How and why 
people fail at self-regulation.  Volume xi. San Diego, CA, US, Academic 
Press; 1994:307. 
40. Tangney JP, Baumeister RF, Boone AL: High Self-Control Predicts Good 
Adjustment, Less Pathology, Better Grades, and Interpersonal Success.  
Journal of Personality 2004, 72(2):271-324.
41. Baumeister RF, Heatherton TF: Self-regulation failure: An overview.  
Psychological Inquiry 1996, 7(1):1-15.
42. Rothbart MK, Ahadi SA, Evans DE: Temperament and Personality: Origins 
and outcomes.  Journal of Personality and Social Psychology 2000, 
78(1):122.
43. Mischel W, Shoda Y, Rodriguez ML: Delay of gratification in children.  In 
Choice over time Edited by: Loewenstein G, Elster J. New York, Russel Sage; 
1992:147-166. 
44. Baumeister RF: Yielding to temptation: Self-control failure, impulsive 
purchasing, and consumer behavior.  Journal of Consumer Research 
2002, 28(4):670-676.
45. Wills TA, Cleary S, Filer M, Shinar O, Mariani J, Spera K: Temperament 
related to early-onset substance use: test of a developmental model.  
Prevention Science 2001, 2(3):145-163.
46. Shamosh NA, Gray JR: Delay discounting and intelligence: A meta-
analysis.  Intelligence 2008, 4(4):289-305.
47. Borghans L, Meijers H, Ter Weel B: The role of noncognitive skills in 
explaining cognitive test scores.  Economic Inquiry 2008, 46(1):2-12.
48. Ter Bogt T, Van Dorsselaer S, Vollebergh W: Psychische gezondheid, 
risicogedrag en welbevinden van Nederlandse scholieren. (Mental 
health, risk behaviour and life satisfaction among Dutch adolescents).  
Utrecht, The Netherlands, Trimbos National Institute of Mental Health and 
Addiction; 2003. 
49. Currie C, Roberts C, Morgan A, Smith R, Settertobulte W, Samdal O, 
Rasmussen VB: Young people's health in context. Health Behaviour in 
School-aged Children (HBSC) study: international report from the 
2001/2002 survey.  Health Policy for Children and Adolescents, 
Copenhague, Denmark, World Health Organisation Europe; 2004. 
50. Prochaska JJ, Sallis JF, Long B: A physical activity screening measure for 
use with adolescents in primary care.  Archives of Paediatrics & Adolescent 
Medicine 2001, 155(5):73-81.
51. Raven J: The Raven's Progressive Matrices: Change and stability over 
culture and time.  Cognitive psychology 2000, 41(1):1-48.
52. Raven J: The Raven Progressive Matrices: A review of national norming 
studies and ethnic and socioeconomic variation within the United 
States.  Journal of Educational Measurement 1989, 26(1):1-16.
53. Cattell RB: Abilities: Their growth, structure, and action.  Boston, 
Houghton Mifflin; 1971. 
54. Carpenter PA, Just MA, Shell P: What One Intelligence Test Measures: A 
Theoretical Account of the Processing in the Raven Progressive 
Matrices Test.  Psychological Review 1990, 97(3):404.
55. Williams JE, McCord DM: Equivalence of standard and computerized 
versions of the Raven Progressive Matrices Test.  Computers in Human 
Behavior 2006, 22(5):791.
56. Mihalic S, Irwin K, Elliot D, Fagan A, Hansen D: Blueprints for Violence 
Prevention.  Washington, DC, U.S. Department of Justice, Office of Justice 
Program, Office of Juvenile Justice and Delinquency Prevention; 2001. 
57. Kuijer R, de Ridder D, Ouwehand C, Houx B, van den Bos R: Dieting as a 
case of behavioural decision making: Does self-control matter?  
Appetite 2008, 51(3):506-511.
58. Brand N, Houx PJ: MINDS: Toward a computerized test battery for use in 
health psychological and neuropsychological assessment.  Behavior 
Research Methods, Instruments and Computers 1992, 24(2):385-389.
59. Deary IJ, Whiteman MC, Starr JM, Whalley LJ, Fox HC: The impact of 
childhood intelligence on later life: following up the Scottish Mental 
Surveys of 1932 and 1947.  Journal of Personality and Social Psychology 
2004, 86(1):130-147.
60. Kelder SH, Perry CL, Klepp KI, Lytle LL: Longitudinal tracking of 
adolescent smoking, physical activity, and food choice behaviors.  
American Journal of Public Health 1994, 84(7):1121-1126.
61. Mulder M, Ranchor AV, Sanderman R, Bouma J, Heuvel WJA van den: The 
stability of lifestyle behaviour.  International Journal of Epidemiology 
1998, 27(2):199-207.
62. Kerr WC, Fillmore KM, Bostrom A: Stability of alcohol consumption over 
time: evidence from three longitudinal surveys from the United States.  
Journal of Studies on Alcohol 2002, 63(3):325-333.
63. van Kooten M, de Ridder D, Vollebergh W, van Dorsselaer S: What's so 
special about eating? Examining unhealthy diet of adolescents in the 
context of other health-related behaviours and emotional distress.  
Appetite 2007, 48(3):325-332.
64. Dekkers ME: Losbandig gezin, losbandige tieners? Een onderzoek naar 
de invloed van gezinscohesie op risicogedrag van adolescenten.  
Volume 96. Sociologie, Utrecht, The Netherlands, Universiteit Utrecht; 
1998. 
65. Leon DA, Lawlor DA, Clark H, Batty GD, Macintyre S: The association of 
childhood intelligence with mortality risk from adolescence to middle 
age: Findings from the Aberdeen Children of the 1950s cohort study.  
Intelligence 2009, 37(6):520-528.
66. Kyllonen PC, Christal RE: Reasoning ability is (little more than) working-
memory capacity?  Intelligence 1990, 14(4):389-433.
67. Costa PT Jr, McCrae RR, Dye DA: Facet scales for agreeableness and 
conscientiousness: A revision of the NEO-Personality Inventory.  
Personality and Individual Differences 1991, 12(9):887-898.
68. Friedman HS, Tucker JS, Tomlinson-Keasey C, Schwartz JE, Wingard DL, 
Criqui MH: Does childhood personality predict longevity?  Journal of 
Personality and Social Psychology 1993, 65(1):176-185.
69. Friedman HS, Tucker JS, Schwartz JE, Martin LR, Tomlinson-Keasey C, 
Wingard DL, Criquie MH: Childhood conscientiousness and longevity: 
Health behaviors and causes of death.  Journal of Personality and Social 
Psychology 1995, 68(4):696-703.
70. Batty GD, Deary IJ, Macintyre S: Childhood IQ in relation to risk factors 
for premature mortality in middle-aged persons: The Aberdeen 
children of the 1950s study.  Journal of Epidemiology and Community 
Health 2007, 61(3):241-247.
71. Heckman JJ, Vytlacil E: Identifying the role of cognitive ability in 
explaining the level of and change in the return to schooling.  The 
Review of Economics and Statistics 2001, 83(1):1-12.
72. Bartels M, Rietveld MJH, Van Baal GCM, Boomsma DI: Heritability of 
educational achievement in 12-year-olds and the overlap with 
cognitive ability.  Twin Research and Human Genetics 2002, 5(6):544-553.
73. Ministry of Education, Culture and Science, Dutch Eurydice Unit: The 
education system in the Netherlands 2007.  Volume 169. The Hague, 
Ministry of Education, Culture and Science; 2005. 
74. Marmot M, Wilkinson RG: Social determinants of health.  Volume 291. 
Oxford, UK, Oxford University Press; 1998. 
75. Grantham-McGregor SM, Ani CC: The role of micronutrients in 
psychomotor and cognitive development.  British Medical Bulletin 1999, 
55(3):511-527.
doi: 10.1186/1479-5868-7-22
Cite this article as: Junger and van Kampen, Cognitive ability and self-con-
trol in relation to dietary habits, physical activity and bodyweight in adoles-
cents International Journal of Behavioral Nutrition and Physical Activity 2010, 
7:22